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CRITICAL EVALUATION:

Most of the solubility data for propane, 2-me~hyZpropane and butane
in nitrogen-containing solvents are those of Gerrard (1,7) and Lenoir
(4). Certain data from these sources have been previously considered
unreliable, generally yielding results that were toohigh when compared
with those of other workers (see Critical Evaluations Alkanes, Alcohols,
Non-polar solvents excluding alkanes and organohalides, in this volume,
and also ref. 8). Consistency checks were applied to the data whenever
possible in an attempt to discover grossly anomalous behavior. However,
because it was impossible to independently ascertain their accuracy, most
of the data are classified as tentative, or simply meaning, the best
available.

A consistency check was developed by Linford and Hildebrand (9) for
the solubilities of chemically similar gases, such as the alkane gases,
in solvents which formed regular solutions. A linear relation was
expected when the log of the solubility for a constant temperature was
plotted as a function of the energy of vaporization at the normal boiling
points. Because a consistent, although non-linear, relation was observed
for polar or associating solvents (10), the test was considered to be

Figure 1. Solubilities at 298.15 K versus heat of vaporization of gas at
the normal boiling point.
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useful for the nitrogen-containing solvents. Some solubility data for
ethane are also available in the same solvents for comparison with those
for propane, 2-methyZpropane and butane (8).

Solubilities are available at least at one temperature for propane
and butane in (a) octanamide (1), (b) hexamethtl~hosPhoric triamide (4),
(c) N,N-dimethylbenzenam1ne (dimethylaniline)1 , (d) benzonitrile (1),
(e) benzenemethanam1ne lbenzylamine) (1), (f) N-methylbenzenamine
(methylaniline) (I), (g) nitrobenzene (1), (h) I-methyl-2-pyrrolidinone
(4), (i) N,N-dimethylform1c aC1d (d1methyl formam1de) (3,1, respect1vely)
and in (j) benzenamine (aniline) (4). The above data, listed in Table 1
and shown in F1gure 1 for a temperature of 298.15 K, are all classified
as tentative. Also classified as tentative are the data for the
solubility of 2-methyZpropane in (g) nitrobenzene (5,7), and (h)
I-methyl-2-pyrrolidinone (4). The letters shown in front of the solvents
correspond to the same solvents as shown in Figure 1 and listed in Table
1 while the numbers refer to the data sources. In addition to the data
listed in Table 1 are the solubility of propane in quinoline (1) and in
(k) cyclohexylamine (6), and also of butane in I-methyl-2-nitrobenzene
(1) and in quinoline (1). The latter data are also classified as
tentative.

A comparison of the data for the solubility of propane in (g)
nitrobenzene suggests that the data of Lenoir (4) and Ezheleva (5) are
too low so that these data are rejected. The solubility of propane in
(i) N,N-dimethylformic acid (1 and 2) and in (j) benzenamine (aniline)
(1) appear at variance with data of others, and are also rejected.

Table 1. Mole fraction solubility at 298.15 K and classification

Solvent Propane Butane 2-MethyZpropane Classification

0.156 (1) Tentative

0.111 (1) Tentative
0.0942 (1) Tentative

0.0934(1) Tentative

0.067 (5,7) 0.072 1 (1) Tentative
Rejected
Rejected

0.030 (4) 0.0543(4) Tentative

0.040 1 (1) Tentative
Rejected

0.0395(4,1) Tentative
Rejected

(a) Octanamide 0.111(1)
(b) Hexamethyl- 0.0503(4)

phosphoric
triamide

(c) N,N-Dimethyl- 0.054 1 (1)
benzenamine
(N,N-dimethylaniline)

(d) Benzonitrile 0.0375(1)
(e) Benzene- 0.0291(1)

methanamine
(benzylamine)

(f) N-Methyl- 0.0267
benzenamine
(N-methylaniline)

(g) Nitrobenzene 0.025 1 (1)
0.023 1 (4)
0.018 1 (5)

(h) I-Methyl-2- 0.0175(4)
pyrrolidinone

(i) N,N-Dimethyl 0.0139(3)
formic acid 0.0119(1)

(j) Benzenamine 0.0412(4)
(aniline) 0.124 (1)

I Extrapolated

0.31 1 (1)
0.164 (4)

Tentative
Tentative
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Figure 2. solubility of propane in several solvents as a function of
temperature.
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To show the temperature variation of solubility, selected data for

the solubilities of propane are shown in Figure 2 as a function of
temperature on log scales. It may be observed that there is a nearly
systematic temperature coefficient of solubility for the various
solvents, as usually obtained. The two comparable data for the solvent,
N,N-dimethylformamide (1,3) are also shown. Because the temperature
coefficient is much higher of worker (1) than for comparable solubilities
in other solvents, it is expected that the data of (3) are more reliable
for this solvent. Some other data (not shown) were also observed to have
an inconsistent solubility behavior. Hence, the representation of data
as shown in Figure 2 was also useful for checking the consistency of the
data.

x
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COMPONENTS:

Nitrogen-containing Solvents

ORIGINAL MEASUREMENTS:

303

(1) Propane: C
3

H
8

: [74-98-6]

(2) N,N -Dimethylformamide; C
3

H
7

NO;
[68-12-2 ]

Rosenthal, ~·1.

Thes. fac. sci. Univ. Strasbourg
(France) 1954.

VARIABLES:
T/K:

P/kPa:

293.15

101.325

PREPARED BY:

N. Hayduk

EXPERIMENTAL VALUES:

T/K

293.15

Ostwald
Coefficient l

L/cm 3 cm- 3

5.68

Bunsen
Coefficiene
a/cm 3 (STP) cm- 3

5.27

Mole
Fraction 2

Xl

0.0182

lOriginal data.

2Calculated by compiler using real gas molar volumes.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The solvent was charged into an
evacuated cell after degassing,
and the mass of solvent was
determined by weight. Gas was
introduced into the cell from a
measuring burette in which the
gas was stored over mercury. The
cell was agitated while the gas
pressure was maintained by
adjusting the gas volume. The
Ostwald coefficient was determined
from the mass of solvent and
volume of gas used. Solubilities
were measured at pressures above
and below atmospheric.

SOURCE AND PURITY OF MATERIALS:

1. Source and purity not given.

2. S.E.P.P.I.C. of Paris. Purity
not given. Exposure to air
avoided. Distilled prior to
use.

ESTIMATED ERROR:
oT/K = 0.2
oP/kPa = 0.1
ox1/x1 = 0.02 (compiler)

REFERENCES:
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COMPONENTS:

(1) Propane; C3H8 : [74-98-6]

(2) N,N-Dimethyl formic acid
(dimethyl formamide); C3H7NO:
[68-12-2]

VARIABLES:

T/K: 273.15-298.15

EXPERIMENTAL VALUES:

ORIGINAL MEASUREMENTS:

Howard, W.B.: Schoch, E.P.:
Mayforth, F.R.

PetroL. Refiner 1954, 33, 143-146.

PREPARED BY:

W. Hayduk

T/K

273.15
298.15

Bunsen Coefficient l

a/cm 3 (STP)cm- 3 atm- 1

6.5
4.0

Ostwald Coefficiept2

L/cm- cm- 3

6.50
4.37

Mole Fraction 2

0.0219
0.0139

1 Data as listed in paper: original source indicated as Technical
literature from Grasselli Chemicals Department, E.I. du Pont de
Nemours.

2 Ostwald coefficient and mole fraction calculated by compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDUREJ SOURCE AND PURITY OF MATERIALS:

Description of apparatus and method Source, purities, not available.
not available.

ESTIMATED ERROR:

oa/a = 0.10

(estimated by compiler)

REFERENCES:
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Nitrogen-containing Solvents

ORIGINAL MEASUREMENTS:
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(1) Propane; C 3 He ; [74-98-6]

(2) N,N-Dimethylforrnamide; C3H7NO;

[68-12-2]

VARIABLES:

Gerrard, w.
J. AppZ. Chern. BioteahnoZ.

1973, 23, 1-17.

PREPARED BY:
T/K:

P/kPa:

268.2-298.2

101. 3
C. L. Young

EXPERIMENTAL VALUES:

Total pressure = 101.3 kPa

T/K

268.2
273.2
278.2
283.2
293.2
298.2

Mole ratio

0.034
0.0283
0.0244
0.020
0.0150
0.0120

# calculated by compiler.

Mole fraction of propane#

0.033
0.0275
0.0238
0.0196
0.0148
0.0119

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Gas was passed into a known weight

of pure liquid in a bubbler tube

at a total pressure measured using

a manometer assembly. The amount

of absorbed gas was estimated by

weighing. The temperature was

controlled to within 0.2 K. The

apparatus and procedure are

described by Gerrard, ref. (1).

SOURCE AND PURITY OF MATERIALS:

No details given except that

"all compounds were purified

by conventional procedures".

ESTIMATED ERROR:

oT/K = ±O.l; Ox/x = ±3%

(estimated by compiler).

REFERENCES:

1. Gerrard, w.
J. AppZ. Chern. BioteahnoZ.

1972, 22, 623.
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COMPONENTS:
(1) Propane; C3Ha; [74-98-6]

(2) I-Methyl-2-pyrrolidinonei
CsHgNOi [872-50-4]

ORIGINAL MEASUREMENTS:
Lenoir, J-Y.; Renault, P.; Renon, H.

J. Chern. Eng. Data 1971, 16, 340-2

VARIABLES:
T/K:

P/kPa:

298.15

101. 325

PREPARED BY:

C.L. Young

EXPERIMENTAL VALUES:

T/K

298.15

Henry's Constant
H

C3Ha
/atm

57.2

Mole fraction at 1 atm*
X

C3Ha

0.0175

* Calculated by compiler assuming a linear function of PC3 Ha vs XC3Ha '
ie. X

C3Ha
(1 atm) = 1/HC3Ha

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A conventional gas-liquid chromato
graphic unit fitted with a thermal
conductivity detector was used. The
carrier gas was helium. The value of
Henry's law constant was calculated
from the retention time. The value
applies to very low partial pressures
of gas and there may be a substantial
difference from that measured at
1 at~. pressure. There is also
considerable uncertainty in the value
of Henry's constant since surface
adsorption was not allowed for
although its possible existence was
noted.

SOURCE AND PURITY OF MATERIALS:
(1) L'Air Liquide sample; minimum
purity 99.9 mole per cent.

(2) Touzart and Matignon or
Ser1abo sample; purity 99 mole per
cent.

ESTIMATED ERROR:
oT/K = ~0.1; oHlatm = ~6%

(estimated by compiler) •

REFERENCES:
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Nitrogen-containing Solvents

ORIGINAL MEASUREMENTS:
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(I) Propane: C3H8 : [74-98-6]

(2) Nitrobenzene: C6HSN0 2 :
[98-9S-3]

VARIABLES:

Lenoir, J.-Y.: Renault, P.:
Renon, H.

J. Chern. Eng. Data 1971, 16, 340-2.

PREPARED BY:
T/K:

P/kPa:

298

101.3 C.L. Young

EXPERIMENTAL VALUES:

T/K

298

Henry's constant
HC H /atm

3 8

44.1

Mole fractlon at 1 atm*
x C3H8

0.0227

* Calculated by compiler assuming a linear function of p vs Xc H '
i.e., Xc H (1 atm) = l/HC H C3H8 3 8

3 8 3 8

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A conventional gas-liquid
chromatographic unit fitted with
a thermal conductivity detector
was used. The carrier gas was
helium. The value of Henry's
law constant was calculated from
the retention time. The value
applies to very low partial
pressures of gas and there may
be a substantial difference from
that measured at 1 atm. pressure.
There is also considerable
uncertainty in the value of
Henry's constant since surface
adsorption was not allowed for
although its possible existence
was noted.

PB-J(*

SOURCE AND PURITY OF MATERIALS:

1. L'Air Liquide sample; minimum
purity 99.9 mole per cent.

2. Touzart and Matignon or
Serlabo sample; purity 99 mole
per cent.

ESTIMATED ERROR:

oT/K = ±O.l; oH/atm = ±6%

(estimated by compiler) •

REFERENCES:
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COMPONENTS:

(1) Propane; C3H8 ; [74-98-6J

(2) Nitrobenzene; C
6

H
S

N0 2 ;
[98-95-3J

ORIGINAL MEASUREMENTS:

Ezheleva, A.E.; Zorin, A.D.

Tr. Khim. Khim. Tech. (Gorkii)
1961, 1, 37-40.

VARIABLES:
T/K:

P/kPa:

303.15-343.15

101.325 and above

PREPARED BY:

w. Hayduk

EXPERIMENTAL VALUES:

T/K

303.15
313.15
323.15
333.15
343.15

Ostwald Coefficient2

L/cm 3cm- 3

4.25
2.99
2.91
2.89
2.29

Bunsen Coefficient2

a/em 3 (STP)cm- 3atm- 1

3.81
2.59
2.44
2.35
1. 80

Mole Fraction 1

xl

0.0175(0.0161) 3
0.0120(0.0136)
0.0113(0.0116)
0.0109(0.0100)
0.0084(0.0086)

lOriginal data given as the inverse of Henry's constant which is
equivalent to mole fraction at a gas partial pressure of 101.325 kPa.

20stwald and Bunsen coefficients calculated by compiler using authors'
assumption that solvent is non-volatile.

3From equation of smoothed data:

1n xl = 24.787 - 5.0607 1n T

Correlation coefficient = 0.9391

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The apparatus consisted of a two
chamber, rocking device with sepa
rate gas and liquid chambers joined
by two tubes and microva1ves. The
gas chamber was equipped with a
pressure gauge. After evacuation,
gas and deaerated solvent were
separately charged, and then contac
ted by opening the microvalves and
by rocking. The solubility was
calculated from a knowledge of the
volume of the solvent charged, and
the initial and final gas pressures.

The solvent was considered non
volatile and the gas pressure was
considered to be the total pressure.

SOURCE AND PURITY OF MATERIALS:

1. Source and purity not given.
Gas purified by low temperature
fractionation and analyzed by
gas chromatography.

2. Source and purity not given.
Refractive index measured:

20nD = 1. 5560

ESTIMATED ERROR:
oT/K = 0.05

ox/xl = 0.05

(estimated by compiler)
REFERENCES:
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COMPONENTS:

(1)

(2) Benzenamine, (Aniline);
C6H7N; [62-53-3J

ORIGINAL MEASUREMENTS:

Lenoir, J-Y.; Renault, P.; Renon, H.

J. Chern. Eng. Data 1971, 16, 340-2

VARIABLES:
T/K: 298.15

P/kPa: 101. 3

PREPARED BY:

C.L. Young

EXPERIMENTAL VALUES:

T/K

298.15

Henry's constant

HC.H6/atm

43.5

Mole fraction at 1 atm*
X

C3Hb

0.0230

* Calculated by compiler assuming a linear function of PC3H6 VS XC3H6 '
Le. X

C3Hb
(1 atm) = 1/H

C3H6

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A conventional gas-liquid chromato
graphic unit fitted with a thermal
conductivity detector was used. The
carrier gas was helium. The value of
Henry's law constant was calculated
from the retention time. The value
applies to very low partial pressures
of gas and there may be a substantial
difference from that measured at
1 atm. pressure. There is also
considerable uncertainty in the value
of Henry's constant since surface
adsorption was not allowed for
although its possible existence was
noted.

SOURCE AND PURITY OF MATERIALS:
(1) L'Air Liquide sample; minimum
purity 99.9 mole per cent.

(2) Touzart and Matignon or
Serlabo sample; purity 99 mole per
cent.

ESTIMATED ERROR:
OT/K = ~0.1; oH/atm = ~6%

(estimated by compiler).

REFERENCES:
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COMPONENTS:

(1) Propane; CgH a ; [74-98-6]

(2) Cyc1ohexy1aminei C6 HlgNi
[108-91-8]

ORIGINAL MEASUREMENTS:

Keevil, T.A.; Taylor, D.R.
Streitwieser, A.

J. Chern. Eng. Data. 1978, 23,
237-239.

VARIABLES:
T/K:

P/kPa:

298.4-313.1

101. 325

PREPARED BY:
C.L. Young

EXPERIMENTAL VALUES:

Partial pressure of propane = 1 atm = 101.3 kPa.

T/K

298.4
303.2
308.1
313.1

Mole fraction of
propane, x CgHa

0.0537
0.0497
0.0455
0.0421

11.368 - 5.107 log (T/K)

Std. dev. = 0.0015.

AUXILIARY INFORNATlON

METHOD/APPARATUS/PROCEDURE:

Volumetric apparatus of moderate
accuracy. Solvent confined to
glass bulb and known amount of gas
added. Pressure measured using a
mercury manometer together
with a null point manometer in
which the gas pressure was balanced
by dry air. Details in source.

SOURCE AND PURITY OF MATERIALS:

1. No details given

2. Degassed and dried over
lithium cyc1ohexy1amide.

ESTIMATED ERROR:

REFERENCES:



COMPONENTS:
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ORIGINAL MEASUREMENTS:
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(1) Propane; C 3 HB ; [74-98-6]

(2) Benzenamine, (Aniline); C6 H,N;
[62-53-3]

Lenoir, J-Y.; Renault, P.; Renon, H.

J. Chern. Eng. Data 1971, 16, 340-2

VARIABLES:
TIK:

p/kPa:

298

101. 3

PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

T/K

298

Henry's constant
HC H latm

3 B

70.5

Mole fraction at 1 atm*
x C3 HB

0.0142

* Calculated by compiler assuming a linear function of Pc H vs Xc H '
Le., Xc H (1 atm) = 11HC H 3 B 3 B

3 B 3 B

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
A conventional gas-liquid chromato
graphic unit fitted with a thermal
conductivity detector was used. The
carrier gas was helium. The value of
Henry's law constant was calculated
from the retention time. The value
applies to very low partial pressures
of gas and there may be a substantial
difference from that measured at
1 atm. pressure. There is also
considerable uncertainty in the value
of Henry's constant since surface
adsorption was not allowed for
although its possible existence was
noted.

SOURCE AND PURITY OF ~~TERIALS;

(1) L'Air Liquide sample; minimum
purity 99.9 mole per cent.

(2) Touzart and Matignon or
Ser1abo sample; purity 99 mole per
cent.

ESTIMATED ERROR:
oT/K = ~0.1; oHlatm = ~6%

(estimated by compiler) •

REFERENCES;
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COMPONENTS:

Nitrogen-containing Solvents

ORIGINAL MEASUREMENTS:

(1) Propane; C 3 Hs ; [74-98-6]

(2) I-Phenylethanone (acetophenone);

CsHsO; [98-86-2]

Nitrobenzene; C 6 HsN0 2 ;

[98-95-3]

Gerrard, w.
J. Appl. Chern. Biotechnol.

1973, 23, 1-17.

VARIABLES:
T/K:

P/kPa:

283.2, 293.2

101. 3

PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

Total pressure = 101.3 kPa

T/K

283.2
293.2

Mole ratio

Nitrobenzene; C6 HsN0 2 ;

0.034
0.0279

Mole fraction of propane#

[98-95-3]

0.033
0.0271

293.2

1-Phenylethanone; CsHsO; [98-86-2]

0.0284 0.0276

# Calculated by compiler.

AUXILIARY INFOR}~TION

METHOD/APPARATUS/PROCEDURE:

Gas was passed into a known weight

of pure liquid in a bubbler tube at

a total pressure measured using a

manometer assembly. The amount of

absorbed gas was estimated by

weighing. The temperature was

controlled to within 0.2 K. The

apparatus and procedure are

described by Gerrard, ref. (1).

SOURCE AND PURITY OF MATERIALS:

No details given except that

"all compounds were purified by

conventional procedures".

ESTIMATED ERROR:

oT/K = ±O.l; OX/X = ±3%

(estimated by compiler).

REFERENCES:

1. Gerrard, w.
J. Appl. Chern. Biotechnol.

1972, 22, 623.
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COMPONENTS:

(1) Propane; C 3Ha; [74-98-6]

(2) Quinoline; CgH,N; [91-22-5]

or Benzenamine; C6H,N; [62-53-3]

ORIGINAL MEASUREMENTS:

Gerrard, w.
J. Appl. Chern. Bioteahnol.

1973,23,1-17.

VARIABLES:
T/K:

P/kPa:

268.2-298.2

101. 3

PREPARED BY:

c. L. Young

EXPERIMENTAL VALUES:

Total pressure = 101.3 kPa

T/K

293.2

Mole ratio

Quinoline; CgH,N; [91-22-5]

0.0242

Mole fraction of propane#

0.0236

268.2
298.2

Benzenamine; C6H,N; [62-53-3]

0.0176
0.0126

# Calculated by compiler.

AUXILIARY INFORMATION

0.0173
0.0124

METHOD/APPARATUS/PROCEDURE:

Gas was passed into a known weight

of pure liquid in a bubbler tube at

a total pressure measured using

a manometer assembly. The amount

of absorbed gas was estimated by

weighing. The temperature was

controlled to within 0.2 K. The

apparatus and procedure are

described by Gerrard, ref. (1).

SOURCE AND PURITY OF MATERIALS:

No details given except that

"all compounds were purified

by conventional procedures".

ESTIMATED ERROR:

oT/K = ±0.1; ox/x = ±3%

(estimated by compiler).

REFERENCES:

1. Gerrard, w.
J. Appl. Chern. Bioteahnol.

1972, 22, 623.
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COMPONENTS:

Nitrogen-containing Solvents

ORIGINAL MEASUREMENTS:

(1) Propane; C3H8 ; [74-98-63

(2) Hexamethylphosphor1c triam1de;
C6H18N30P; [680-31-9J

Lenoir, J.-Y.; Renault, P.; Renon, H.

J. Chern. Eng. Data 1971, 16, 340-2.

VARIABLES:
T/K:

P/kPa:

298.2

101. 3

PREPARED BY:

C.L. Young

EXPERIMENTAL VALUES:

T/K

298.2

Henry's constant
HC H /atm

3 8

19.9

Mole fraction at 1 atm*
x C3H8

0.0503

* Calculated by compiler assuming a linear funct10n of p vs Xc H '
Le., Xc H (1 atm) = l/HC H C3H8 3 8

3 8 3 8

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A conventional gas-liquid
chromatographic unit fitted with
a thermal conductivity detector
was used. The carrier gas was
helium. The value of Henry's
law constant was calculated from
the retention time. The value
applies to very low partial
pressures of gas and there may
be a substantial difference from
that measured at 1 atm. pressure.
There is also considerable
uncertainty in the value of Henry's
constant since surface adsorption
was not allowed for although its
possible existence was noted.

SOURCE AND PURITY OF MATERIALS:

1. L'Air Liquide sample; minimum
purity 99.9 mole per cent.

2. Touzart and Matignon or
Serlabo sample; purity 99 mole
per cent.

ESTIMATED ERROR:

oT/K = ±O.l; oH/atm = ±6%

(estimated by compiler) •

REFERENCES:



COMPONENTS:

Nitrogen-containing Solvents

ORIGINAL MEASUREMENTS:

315

(1) Propane~ C3H8~ [74-98-6]

(2) Benzonitrile~ C7H5N~

[100-47-0]

Gerrard, w.
J. AppZ. Chern. BioteahnoZ.

1973, 23, 1-17.

VARIABLES:
T/K:

P/kPa:

268.2-298.2

101. 3

PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

Total pressure = 101.3 kPa

T/K

268.2
273.2
278.2
283.2
293.2
298.2

Mole ratio

0.085
0.0705
0.0612
0.0518
0.0426
0.0390

# Calculated by compiler.

Mole fraction of propane#

0.0783
0.0659
0.0577
0.0492
0.0409
0.0375

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS;

No details given except that

"all compounds were purified

by conventional procedures".

Gas was passed into a known weight

of pure liquid in a bubbler tube

at a total pressure measured using

a manometer assembly. The amount

of absorbed gas was estimated by

weighing. The temperature was

controlled to within 0.2 K. The

apparatus and procedure are

described by Gerrard, ref. (1).

ESTIMATED ERROR:
<ST/K = ±O.l~

(es timated by

REFERENCES;

<Sx/x = ±3%

compiler).

1. Gerrard, w.
J. AppZ. Chern. BioteahnoZ.

1972, 22, 623.



316 Nitrogen-containing Solvents

COMPONENTS:

(1) Propane; C 3 Hs ; [74-98-6]

(2) N-Methylbenzenamine (N-methyl

aniline); C7H9N;

[100-61-8]

ORIGINAL MEASUREMENTS:

Gerrard, w.
J. AppZ. Chern. BioteahnoZ.

1973, 23, 1-17.

VARIABLES:
T/K:

P/kPa:

268.2-298.2

101. 3

PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

Total pressure = 101.3 kPa

T/K

268.2
273.2
278.2
283.2
293.2
298.2

Mole ratio

0.055
0.0471
0.0415
0.0372
0.0310
0.0274

# Calculated by compiler.

Mole fraction of propane#

0.052
0.0450
0.0398
0.0359
0.0301
0.0267

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

No details given except that

"all compounds were purified

by conventional procedures".

Gas was passed into a known weight

of pure liquid in a bubbler tube

at a total pressure measured using

a manometer assembly. The amount

of absorbed gas was estimated by

weighing. The temperature was

controlled to within 0.2 K. The

apparatus and procedure are

described by Gerrard, ref. ell.

ESTIMATED ERROR:
oT/K = ±O.l;

(estimated by

ox/x = ±3%

compiler).

REFERENCES:

1. Gerrard, w.
J. AppZ. Chern. BioteahnoZ.

1972, 22, 623.



Nitrogen-containing Solvents 317

COMPONENTS:

(1) Propane; C aHa; [74-98-6]

(2) N,N-Dimethy1benzenamine
(N,N-DirnethyZaniZine); CaHllN;
[121-69-7]

or Benzenemethanamine (BenzyZarnine);
C,H9N; [100-46-9]

ORIGINAL MEASUREMENTS:

Gerrard, w.
J. AppZ. Chern. BioteahnoZ.

1973, 23, 1-17.

VARIABLES:
T/K:

P/kPa:

278.2-298.2

101. 3

PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

Total pressure = 101.3 kPa

T/K Mole ratio Mole fraction of propane#

278.2
293.2

N ,N-Dimethy1benzenamine; CaH 1 IN; [121-69-7]

0.070 0.065
0.0610 0.0575

273.2
278.2
283.2
293.2
298.2

Benzenemethanamine; C,H 9N;

0.046
0.042
0.0365
0.0318
0.030

# Calculated by compiler.

[100-46-9]

0.044
0.040
0.0352
0.0308
0.0291

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Gas was passed into a known weight

of pure liquid in a bubbler tube at

a total pressure measured using a

manometer assembly. The amount of

absorbed gas was estimated by

weighing. The temperature was

controlled to within 0.2 K. The

apparatus and procedure are

described by Gerrard, ref. (1).

SOURCE AND PURITY OF MATERIALS;

No details given except that

"all compounds were purified by

conventional procedures".

ESTIMATED ERROR:

oT/K = ±0.1; ox/x = ±3%

(estimated by compiler).

REFERENCES:

1. Gerrard, w.
J. AppZ. Chern. BioteahnoZ.

1972, 23, 623.



318

COMPONENTS:

Nitrogen-containing Solvents

ORIGINAL MEASUREMENTS:

(1) Propane; C 3 Ha ; [74-98-6]

(2) l-Octanamine; CaH19N;

[111-86-4]

Gerrard, w.
J. AppZ. Chern. BioteehnoZ.

1973, 23, 1-17.

VARIABLES:
T/K:

P/kPa:

268.2-293.2

101. 3

PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

Total pressure = 101.3 kPa

T/K

268.2
273.2
278.2
283.2
293.2

Mole ratio

0.250
0.217
0.184
0.161
0.125

Mole fraction of propane#

0.200
0.178
0.155
0.139
0.111

# calculated by compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS;

No details given except that

"all compounds were purified

by conventional procedures".

Gas was passed into a known weight

of pure liquid in a bubbler tube

at a total pressure measured using

a manometer assembly. The amount

of absorbed gas was estimated by

weighing. The temperature was

controlled to within 0.2 K. The

apparatus and procedure are

described by Gerrard, ref. (1).

ESTIMATED ERROR:
oT/K = ±O.l;

(estimated by

REFERENCES:

ox/x = ±3%

compiler) •

1. Gerrard, W.

J. AppZ. Chern. BioteehnoZ.

1972, 22, 623.
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COMPONENTS:

(1) Butane: C4 H10 : [106-97-8]

(2) N,N-nimethylformamide: C 3H 7NO:

[68-12-2]

ORIGINAL MEASUREMENTS:

Gerrard, w.
J. AppZ. Chern. BiotechnoZ.

1973,23,1-17.

VARIABLES:
T/K:

P/kPa:

278.2-293.2

101. 3

PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

Total pressure = 101.3 kPa

T/K

278.2
283.2
293.2

Mole ratio

0.105
0.0725
0.050

# Calculated by compiler.

Mole fraction of butane#

0.0950
0.0676
0.0476

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

No details given except that

"all compounds were purified

conventional procedures".

Gas was passed into a known weight

of pure liquid in a bubbler tube at

a total pressure measured using a

manometer assembly. The amount of

absorbed gas was estimated by

weighing. The temperature was

controlled to within 0.2 K. The

apparatus and procedure are

described by Gerrard, ref. (1).

ESTIMATED ERROR:

oT/K = ±O.l:
(estimated by

REFERENCES:

ox/x = ±3%

compiler).

by

1. Gerrard, w.
J. AppZ. Chern. BiotechnoZ.
1972, 22, 623.



320 Nitrogen-containing Solvents

COMPONENTS:

(1) Butane; C,Ha; [106-97-8]

(2) l-Methyl-2-~yrrolidinone;
CSH9NO; [872-50-4]

ORIGINAL MEASUREMENTS:

Lenoir, J-Y.; Renault, P.; Renon, H.

J. Chern. Eng. Data 1971, 16, 340-2

VARIABLES:
T/K:

P/kPa:

298.15

101. 3

PREPARED BY:

C.L. Young

EXPERIMENTAL VALUES:

T/K

298.15

Henry's Constant
HC H latm

, 1 0

18.4

Mole fraction at 1 atm*

xc,H 10

0.0543

* Calculated by compiler assuming a linear function of PC,HI0 VS xC,Hlo'
~.e. Xc H (1 atm) = llHC H

, 10 , 10

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
A conventional gas-liquid chromato
graphic unit fitted with a thermal
conductivity detector was used. The
carrier gas was helium. The value of
Henry's law constant was calculated
from the retention time. The value
applies to very low partial pressures
of gas and there may be a substantial
difference from that measured at
1 atm. pressure. There is also
considerable uncertainty in the value
of Henry's constant since surface
adsorption was not allowed for
although its possible existence was
noted.

SOURCE AND PURITY OF MATERIALS:
(1) L'Air Liquide sample; minimum
purity, 99.9 mole per cent.

(2) Touzart and Matignon or
Serlabo sample; purity 99 mole per
cent.

ESTIMATED ERROR:
OT/K = ~O.l; oHlatm = ~6%

(estimated by compiler).

REFERENCES:



COMPONENTS:

Nitrogen-containing Solvents

ORIGINAL MEASUREMENTS:

321

(1) Butane 1 C4H101 [106-97-8]

(2) Hexamethylphosphoric triamide,
C6H18N30P1 [680-31-9]

Leno~r, J.-Y.; Renault, P.1 Renon, H.

J. Chern Eng. Data 1971, 16, 340-2.

VARIABLES:
T/K:

p/kPa:

298.2

101. 3

PREPARED BY:

C.L. Young

EXPERIMENTAL VALUES:

T/K

298.2

Henry's constant
C H /atm

4 10

6.09

Mole fraction at 1 atm*

0.164

* Calculated by compiler assuming a linear function of p vs x ,
Le., Xc H (latm) = l/H

C
H C4H10 C4H10

4 10 4 10

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

A conventional gas-liquid chromato
graphic unit fitted with a thermal
conductivity detector was used.
The carrier gas was helium. The
value of Henry's law constant was
calculated from the retention
t~me. The value applies to very
low partial pressures of gas and
there may be a substantial
difference from that measured at
1 atm. pressure. There is also
considerable uncertainty in the
value of Henry's constant since
surface adsorption was not allowed
for although its possible existence
was noted.

SOURCE AND PURITY OF MATERIALS:

1. L'Air Liquide sample; minimum
purity 99.9 mole per cent.

2. Touzart and Matignon or
Serlabo sample; pur~ty 99 mole
per cent.

ESTIMATED ERROR:

oT/K = ±O.11 oH/atm = ±6%
(estimated by compiler) •

REFERENCES:



322 Nitrogen-containing Solvents

COMPONENTS:

(1) Butane; C4H10; [106-97-8)

(2) Quinoline; C9H7N; [91-22-5)

or Benzenamine; C6H7N; [62-53-3)

ORIGINAL MEASUREMENTS:

Gerrard, w.
J. AppZ. Chern. BiotechnoZ.

1973, 23, 1-17.

VARIABLES:
T/K:

P/kPa:

278.2

101. 3

PREPARED BY:
C. L. Young

EXPERIMENTAL VALUES:

Total pressure = 101.3 kPa

T/K

278.2

Mole ratio

Quinoline; C9H7N;

0.333

Mole fraction of butane#

[91-22-5)

0.250

278.2

Benzenamine;

0.074 0.0689

# Calculated by compiler.

AUXILIARY INFORMATION

METHOD 'APPARATUS/PROCEDURE:

Gas was passed into a known weight

of pure liquid in a bubbler tube

at a total pressure measured using

a manometer assembly. The amount

of absorbed gas was estimated by

weighing. The temperature was

controlled to within 0.2 K. The

apparatus and procedure are

described by Gerrard, ref. (1).

SOURCE AND PURITY OF MATERIALS:

No details given except that

"all compounds were purified

by conventional procedures".

ESTIMATED ERROR:

oT/K = ±O.l; ox/x = ±3%

(estimated by compiler).

REFERENCES:

1. Gerrard, w.
J. AppZ. Chern. BiotechnoZ.

1972, 22, 623.



COMPONENTS:

Nitrogen-containing Solvents

ORIGINAL MEASUREMENTS:

323

(1) Butane; C4 H10 ; [106-97-8]

(2) Benzenamine,(Aniline); C6 H7 N;
[62-53-3]

Lenoir, J-Y.; Renault, P.; Renon, H.

J. Chern. Eng. Data 1971, 16, 340-2

VARIABLES:
T/K:

p/kPa:

EXPERIMENTAL VALUES;

298.2

101. 3

PREPARED BY:

C. L. Young

T/K

298.2

Henry's constant
HC H /atm

4 10

25.3

Mole fraction at 1 atm*
x

C 4 H10

0.0395

* Calculated by compiler assuming a linear function of Pc H vs X
C4 H10 'Le., Xc H (1 atm) = l/HC H 4 10

4 10 4 10

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
A conventional gas-liquid chromato
graphic unit fitted with a thermal
conductivity detector was used. The
carrier gas was helium. The value of
Henry's law constant was calculated
from the retention time. The value
applies to very low partial pressures
of gas and there may be a substantial
difference from that measured at
1 atm. pressure. There is also
considerable uncertainty in the value
of Henry's constant since surface
adsorption was not allowed for
although its possible existence was
noted.

SOURCE AND PURITY OF MATERIALS:
(1) L'Air Liquide sample; minimum
purity 99.9 mole per cent.

(2) Touzart and Matignon or
Serlabo sample; purity 99 mole per
cent.

ESTIMATED ERROR:
oT/K = ~0.1; oH/atm = ~6%

(estimated by compiler) .

REFERENCES:



324

COMPONENTS:

Nitrogen-containing Solvents

ORIGINAL MEASUREMENTS:

Nitrobenzene: C6 HsN0 2 :
[98-95-3]

1-Methyl-2-nitrobenzene:
C7H7N02: [88-72-2]

(1)

(2)

Butane: C~Hl 0: [106-97-8] Gerrard, w.
J. AppZ. Chern. BiotechnoZ.

1973, 23, 1-17.

VARIABLES:
T/K:

P/kPa:

278.2-298.2

101.3

PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

Total pressure = 101.3 kPa

T/K Mole ratio Mole fraction of butane#

278.2
283.2
293.2

Nitrobenzene: C6 HsN0 2: [98-95-3]

0.244
0.166
0.100

0.196
0.142
0.0909

278.2
283.2
293.2
298.2

1-Methyl-2-nitrobenzene:

0.376
0.269
0.170
0.147

# Calculated by compiler.

C7H7N02: [88-72-2]

0.273
0.212
0.145
0.128

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

No details given except that

"all compounds were purified

by conventional procedures".

Gas was passed into a known weight

of pure liquid in a bubbler tube

at a total pressure measured using

a manometer assembly. The amount

of absorbed gas was estimated by

weighing. The temperature was

controlled to within 0.2 K. The

apparatus and procedure are

described by Gerrard, ref. (1).

ESTIMATED ERROR:
oT/K = ±0.1:

(estimated by

ox/x = ±3%

compiler).

REFERENCES:

1. Gerrard, w.
J. AppZ. Chern. BiotechnoZ.

1972, 22, 623.



Nitrogen-containing Solvents 325

COMPONENTS:

(1) Butane; C~Hl 0; [106-97-8]

(2) Benzonitrile; C7HSN;
[100-47-0]

Benzenemethanamine (BenzyZarnine);
C7 H9 N; [100-46-9]

ORIGINAL MEASUREMENTS:

Gerrard, w.
J. AppZ. Chern. BiotechnoZ.

1973, 23, 1-17.

VARIABLES:
T/K:

p/kPa:

278.2-298.2

101. 3

PREPARED BY:
c. L. Young

EXPERIMENTAL VALUES:

Total pressure = 101.3 kPa

T/K Mole ratio Mole fraction of butane#

278.2
283.2
293.2
298.2

Benzonitrile; C7HsN; [100-47-0 ]

0.420
0.227
0.139
0.125

0.296
0.185
0.122
0.111

278.2
283.2
293.2
298.2

Benzenemethanamine; C7H9 N;

0.330
0.195
0.121
0.104

[100-46-9]

0.248
0.163
0.108
0.0942

# calculated by compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Gas was passed into a known weight

of pure liquid in a bubbler tube

at a total pressure measured using

a manometer assembly. The amount

of absorbed gas was estimated by

weighing. The temperature was

controlled to within 0.2 K. The

apparatus and procedure are

described by Gerrard, ref. (1).

SOURCE AND PURITY OF MATERIALS;

No details given except that

"all compounds were purified

by conventional procedures".

ESTIMATED ERROR:
oT/K = ±O.l; ox/x = ±3%

(estimated by compiler) .

REFERENCES:

1. Gerrard, W.

J. AppZ. Chern. BiotechnoZ.

1972, 22, 623.



326 Nitrogen-containing Solvents

COMPONENTS:
(1) Butane; C4HIO; [106-97-8]

(2) N-Methy1benzenamine (N-methyZ
aniZine); C7H9N; [100-61-8]

or N,N-Dimethylbenzenamine
(N ,N-dimethyZaniZine); CeHIIN;
[121-69-7]

ORIGINAL MEASUREMENTS:

Gerrard, w.
J. AppZ. Chem. BiotechnoZ.

1973, 23, 1-17.

VARIABLES:
T/K:

P/kPa:

278.2-298.2

101. 3

PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

Total pressure = 101.3 kPa

T/K Mole ratio Mole fraction of butane#

278.2
283.2
293.2
298.2

N-Methylbenzenamine; C7Hg N;

0.351
0.190
0.116
0.103

[100-61-8]

0.260
0.160
0.104
0.0934

278.2
283.2
293.2
298.2

N,N-Dimethylbenzenamine; CeHIIN;

1. 94
0.662
0.290
0.185

[121-69-7]

0.660
0.398
0.225
0.156

# Calculated by compiler.

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

Gas was passed into a known weight

of pure liquid in a bubbler tube

at a total pressure measured using

a manometer assembly. The amount

of absorbed gas was estimated by

weighing. The temperature was

controlled to within 0.2 K. The

apparatus and procedure are

described by Gerrard, ref. (1).

SOURCE AND PURITY OF MATERIALS;

No details given except that

"all compounds were purified

by conventional procedures".

ESTIMATED ERROR:

oT/K = ±O .1; o:x:/:x: = ±3%

(estimated by compiler).

REFERENCES:

1. Gerrard, w.
J. AppZ. Chem. BiotechnoZ.

1972, 22, 623.



COMPONENTS:

Nitrogen-containing Solvents

ORIGINAL MEASUREMENTS:

327

(1) Butane; C4H10; [106-97-8]

(2) l-Octanamine; CaHI9N;

[111-86-4]

Gerrard, w.
J. AppZ. Chem. BioteahnoZ.

1973, 23, 1-17.

VARIABLES:
T/K:

P/kPa:

278.2-293.2

101. 3

PREPARED BY:

C. L. Young

EXPERIMENTAL VALUES:

Total pressure = 101.3 kPa

T/K

278.2
283.2
293.2

Mole ratio

2.83
1. 33
0.625

# Calculated by compiler.

Mole fraction of butane#

0.739
0.571
0.385

AUXILIARY INFORHATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF HATERIALS:

No details given except that

"all compounds were purified

by conventional procedures".

Gas was passed into a known weight

of pure liquid in a bubbler tube

at a total pressure measured using

a manometer assembly. The amount

of absorbed gas was estimated by

weighing. The temperature was

controlled to within 0.2 K. The

apparatus and procedure are

described by Gerrard, ref. (1).

ESTIHATED ERROR:
oT/K = ±O.l;

(estimated by

ox/x = ±3%

compiler) •

REFERENCES:

1. Gerrard, w.
J. AppZ. Chem. BioteahnoZ.

1972, 22, 623.



328 Nitrogen-containing Solvents

COMPONENTS:

(1) 2-Methylpropane; (isobutane);
C4HIO; [75-28-5J

(2) l-Methyl-2-pyrrolidinone;
CsHgNO; [872-50-4J

ORIGINAL MEASUREMENTS:

Lenoir, J-Y.; Renault, P.; Renon, H.

J. Chern. Eng. Data 1971, 16, 340-2

VARIABLES:
T/K:

P/kPa:

298.15

101.3

PREPARED BY:

C.L. Young

EXPERIMENTAL VALUES:

T/K

298.15

Henry's Constant
HC H /atm

4 10

33.3

Mole fraction at 1 atm*

xC4HIO

0.0300

* Calculated by compiler assuming a linear function of PC4 HI0 VS xC4HI0'
ie. Xc H (1 atm) = l/HC H

4 10 4 10

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:
A conventional gas-liquid chromato
graphic unit fitted with a thermal
conductivity detector was used. The
carrier gas was helium. The value of
Henry's law constant was calculated
from the retention time. The value
applies to very low partial pressures
of gas and there may be a substantial
difference from that measured at
1 atm. pressure. There is also
considerable uncertainty in the value
of Henry's constant since surface
adsorption was not allowed for
although its possible existence was
noted.

SOURCE AND PURITY OF MATERIALS:
(1) L'Air Liquide sample; minimum
purity 99.9 mole per cent.

(2) Touzart and Matignon or
Serlabo sample; purity 99 mole per
cent.

ESTIMATED ERROR:
oT/K = ~0.1; oH/atm = ~6%

(estimated by compiler) •

REFERENCES:
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COMPONENTS:

(1)2-Methylpropane, (isobutane);
C.. H1o; [75-28-5]

(2) Nitrobenzene; C6HsN02;[98-95-3]

ORIGINAL MEASUREMENTS:

Gerrard, Iii.

SoLubiLity of Gases and Liquids,
PLenum. New York. 1976, Chapter 12.

VARIABLES:
T/K:

P/kPa:

273.15

13.3-101.3

PREPARED BY:

C.L. Young

EXPERIMENTAL VALUES:

T/K P/mw{g

273.15 100

200

300

400

500

600

700

760

P/kPa Mole fraction of 2-methyl
propane in liquid,xc H

.. 10

13 .3 0.012

26.7 0.027

40.0 0.041

53.3 0.053

66.7 0.068

80.0 0.087

93.3 0.111

101. 3 0.134

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE: SOURCE AND PURITY OF MATERIALS:

Gas was passed into a known weight No details given.
of pure liquid in a bubbler tube at
a total pressure measured by a
manometer assembly. The amount of
absorbed gas was estimated by
weighing. The temperature was
manually controlled to within 0.2K.
The apparatus and procedure are
described by Gerrard (1,2).

ESTIMATED ERROR:

oT/K = ±O.l; ox/x = ±3%

(estimated by compiler).

REFERENCES:
1. Gerrard, w.

J. AppL. Chern. BioteahnoL. 1972
22. 623-650.

2. Gerrard, w.
SoLubiLity of Gases and Liquids.
PLenum Press. New York. 1976
Chapter 1.
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COMPONENTS:

Nitrogen-containing Solvents

ORIGINAL MEASUREMENTS:

(1) 2-Methylpropane (isobutane);
C

4
H

lO
; [75-28-5]

(2) Nitrobenzene; C6H5N02 ;
[98-95-3]

VARIABLES:

Ezheleva, A.E.; Zorin, A.D.

Tr. Khim. Khim. Tech. (Gorkii)
1961, l, 37-40.

PREPARED BY:
T/K:

P/kPa:

303.15-343.15

101.325 and above
w. Hayduk

EXPERIMENTAL VALUES:

T/K

303.15
313.15
323.15
333.15
343.15

Ostwald Coefficient 2
L/cm 3cm- 3

12.3
11.6

9.40
7.76
6.53

Bunsen Coefficient 2

a/cm 3 (STP)cm- 3atm- 1

10.9
9.97
7.80
6.23
5.08

Mole Fraction 1

Xl

0.0495(0.0501) 3
0.0455(0.0435)
0.0360(0.0364)
0.0290(0.0296)
0.0238(0.0234)

IOriginal data given as the inverse of Henry's constant which is
equivalent to mole fraction at a gas partial pressure of 101.325 kPa.

20stwald and Bunsen coefficients calculated by compiler using authors'
assumption that solvent is non-volatile.

3From equation of smoothed data:

In Xl = 293.07 - 44.650 In T - l2405.7/T

Correlation coefficient = 0.9947

AUXILIARY INFORMATION

METHOD/APPARATUS/PROCEDURE:

The apparatus consisted of a two
chamber, rocking device with sepa
rate gas and liquid chambers joined
by two tubes and microvalves. The
gas chamber was equipped with a
pressure gauge. After evacuation,
gas and deaerated solvent were
separately charged, and then contac
ted by opening the microvalves and
by rocking. The solubility was
calculated from a knowledge of the
volume of the solvent charged, and
the initial and final gas pressures.

The solvent was considered non
volatile and the gas pressure was
considered to be the total pressure.

SOURCE AND PURITY OF MATERIALS:

1. Source and purity not given.
Gas purified by low temperature
fractionation and analyzed by
gas chromatography.

2. Source and purity not given.
Refractive index measured:

n~O = 1.5560

ESTIMATED ERROR:
6T/K = 0.05

6x1/x
1

= 0.05

(estimated by compiler)
REFERENCES:


